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(57) ABSTRACT

A floating offshore platform is disclosed with one or more
extension plates fixedly coupled to one or more pontoons on
the offshore platform and extending from the pontoons. As
the floating platform moves, the pontoon-coupled extension
plates separate the water and cause drag on the platform. The
water moving with the extension plates also increases the
dynamic mass. The added drag and dynamic mass increases
the natural period of the motion away from the wave excita-
tion period to minimize the wave driven motion compared to
a platform without the extension plates. The extension plates
can be coupled to the pontoons during fabrication at the yard
directly or through frame members. The extension plates
generally are generally located inclusively between the top
and bottom elevations of the pontoons, and therefore do not
significantly reduce the clearance between the seabed and the
hull at the quayside.
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FIG. 11B
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1
FLOATING OFFSHORE PLATFORM WITH
PONTOON-COUPLED EXTENSION PLATES
FOR REDUCED HEAVE MOTION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/810,460, filed Apr. 10, 2013.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

REFERENCE TO APPENDIX

Not applicable.
BACKGROUND OF THE INVENTION

1. Field of the Invention

The disclosure relates a method and a system for reducing
the vertical motions on floating platforms for drilling and
production. More particularly, the present disclosure relates
to floating platforms used in the exploration and production of
offshore oil and gas, and more particularly to a semisubmers-
ible floating platform having extension plates fixedly coupled
to pontoons that collectively function to reduce heave motion
of the platform.

2. Description of the Related Art

With the significantly increasing demand on the oil and gas
supply, offshore exploration and production from reservoirs
has become vital to such supply. These reservoirs usually
require large drilling rigs and variable payloads which result
in very large topsides in both size and weight. Large and
expensive supporting offshore platforms are needed. How-
ever, the expense of such platforms can be decreased by
building such a floating structure near or on shore and towing
the structure to the intended offshore site.

Among the main types of offshore platforms designed for
deep water, including the popular Spar, a type of platform is
known as a semi-submersible platform. The structure is built
near shore or onshore, floated to the offshore site, and par-
tially submerged using ballast tanks to provide stability to the
structure. Semi-submersibles are typically configured with
large buoyant pontoon structures below the water surface and
slender columns passing through the water surface support-
ing a topsides deck at a significant height above the water
surface. Semi-submersible platforms make large and cost
effective platforms for drilling and production of offshore oil
and gas. However, because the structure has a relatively large
floating surface, one challenge is restricting movement
caused by wave and wind action to provide a desired stability
for operations.

Heave plates have been used to stabilize movement of the
semi-submersible platforms. The heave plate can be a solid
plate, or a constructed assembly of a plurality of plates that
form a box, to form a relatively large width compared to its
thickness, as is generally understood by the term “plate”. The
heave plate is mounted to the semi-submersible platform
below the water surface and below at least a portion of the
wave-influenced water zones. The heave plate increases the
hydrodynamic mass of the offshore platform, where hydro-
dynamic mass is a measure of the amount of a fluid moving
with a body that accelerates in the fluid and depends on the
shape of the body and the direction of its motion. The heave

10

15

20

30

40

45

55

2

plate at the lower depths provides additional resistance to
vertical and tilting motion that would otherwise occur near or
at the water surface. Typically, designers are motivated to
mount the heave plate at deeper levels. However, the depth is
initially limited, because the platform is built near or on shore
at shallow depths. Thus, some systems have a lowering capa-
bility to the heave plate. The heave plate can be lowered to a
more desirable depth after the platform is in position at the
intended offshore site. Examples of such systems are illus-
trated, for example, in U.S. Pat. No. 6,652,192, U.S. Pat. No.
7,219,615 (as a continuation of U.S. Pat. No. 7,156,040), and
U.S. Pat. No. 6,718,901, and are incorporated by reference
herein. Each of these systems discloses lowering the heave
plate to a depth below the platform after being located to the
intended offshore site.

U.S. Pat. No. 6,652,192 discloses a heave suppressed,
floating offshore drilling and production platform having ver-
tical columns, lateral trusses connecting adjacent columns, a
deep-submerged horizontal plate supported from the bottom
of the columns by vertical truss legs, and a topside deck
supported by the columns. The lateral trusses connect adja-
cent columns near their lower end to enhance the structural
integrity of the platform. During the launch of the platform
and towing in relatively shallow water, the truss legs are
stowed in shafts within each column, and the plate is carried
just below the lower ends of the columns. After the platform
has been floated to the deep water drilling and production site,
the truss legs are lowered from the column shafts to lower the
plate to a deep draft for reducing the effect of wave forces and
to provide heave and vertical motion resistance to the plat-
form. Water in the column shafts is then removed for buoy-
antly lifting the platform so that the deck is at the desired
elevation above the water surface.

U.S. Pat. No. 7,219,615 discloses a semi-submersible ves-
sel having a pair of vertically spaced pontoons with varied
buoyancy. The lower pontoon is retained in a close vertical
proximity to the upper pontoon when the vessel is in transit.
The lower pontoon is ballasted at the deployment site, drop-
ping the pontoon to a depth of about 32 meters below the first
pontoon baseline. As a result, stability and motion character-
istics of the vessel are significantly improved.

While each of these systems offer solutions for a stabilized
platform having a lowered heave plate, in practice the sup-
porting structure for the heave plate to the platform may suffer
from rigidity challenges. For example, U.S. Pat. No. 7,219,
615 discloses extendable legs. Due to the extendable nature of
the legs, no diagonal bracing between legs is shown that
would be able to resist twisting and bending of the extended
support structure to the heave plate, because diagonal bracing
between the legs would apparently interfere with extending
and retracting the legs through the guides. U.S. Pat. No.
6,652,192 illustrates extendable trusses within columns hav-
ing diagonal flexible cable bracing installed between trusses
after extension of the legs. Due to an interference between the
truss diagonal members and the column, it is hard to design a
receptacle which can enclose the truss legs and rigid diagonal
bracing for effective support and load transfer. The patent
does not disclose rigid bracing between trusses for the same
reason, namely, the rigid bracing between the trusses would
appear to interfere with extending and retracting the trusses.
Another example includes U.S. Pat. No. 6,718,901 that dis-
closes extendable legs so that deploying an offshore oil and
gas production platform comprises placing a buoyant equip-
ment deck on a buoyant pontoon so that elongated legs on the
pontoon, each comprising a buoyant float, extend movably
through respective openings in the deck. Chains extending
from winches on the deck are reeved through fairleads on the
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pontoon and connected back to the deck. The chains are
tightened to secure the deck to the pontoon for conjoint move-
ment to an offshore location. The chains are loosened and the
pontoon and leg floats ballasted so that the pontoon and leg
floats sink below the floating deck. A further example of the
extending draft concept is seen in US Publ. No.
20020041795.

Further, a deep draft semisubmersible usually needs to
have larger than a 60 m draft to have the favorable motion to
support the connections to the sea floor in harsh sea states.
With this deep draft semisubmersible, the topside integration
at the quayside and the transition from the fabrication yard to
the installation site become problematic, because the column
is too high to stabilize the platform during the transition
mode. Many designs solve this difficulty by extending the
draft that requires the significant risk of offshore installation
operation.

There remains a need for a different system and method for
a floating offshore platform having an improved stabilization
of the offshore platform.

BRIEF SUMMARY OF THE INVENTION

The disclosure provides improved performance and
reduces horizontal and/or vertical movement of a floating
offshore platform by including one or more extension plates
coupled to one or more pontoons on the offshore platform and
extending from the pontoons that allow water on either side of
the extension plates to reduce heave motion of the platform.
The extension plates will generally have a combined surface
area extending from the pontoons of at least 10% of a surface
area defined by an interior perimeter area of the pontoons
without the extension plates. As the floating platform moves,
the pontoon-coupled extension plates separate the water and
cause drag on the platform in the direction of movement. Drag
results in less movement of the platform without the need to
extend legs of the platform to gain an equivalent reduction in
movement. The water moving with the extension plates also
increases the dynamic mass. In some embodiments, with at
least two extension plates extending from the same surface of
the pontoon at different locations so that one extension plate
is disposed adjacent the other extension plate, the water is
entrapped between the extension plates and further creates
dynamic mass to the platform to reduce heave. The added
dynamic mass increases the natural period of the motion away
from the wave excitation period to minimize the wave driven
motion. As a result, the motion of the platform can be reduced
compared to a platform without the extension plates. The
extension plates can be coupled to the pontoons during fab-
rication at the yard directly or through frame members. The
extension plates generally are above or at the same level of the
extension, and therefore would not significantly reduce the
clearance between the seabed and the hull at the quayside.

The disclosure provides a floating offshore platform, com-
prising: a floating hull comprising: at least one vertically
extending column; and at least one pontoon coupled to the
vertically extending column that are configured to be dis-
posed at least partially below a surface of water in which the
offshore platform is disposed; and at least one extension plate
that extends from and is fixedly coupled to the pontoon at an
elevation that is at least partially below a surface of water in
which the offshore platform is disposed during operation, and
configured to reduce heave motion on the platform by at least
causing horizontal water separation, vertical water separa-
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4

tion, or a combination thereof around the pontoon-coupled
extension plate as the platform moves in water.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a schematic perspective view of an exemplary
embodiment of a floating offshore platform having a exten-
sion plate.

FIG. 2 is a schematic side view of the exemplary floating
offshore platform with the extension plate.

FIG. 3 is a schematic perspective view of another exem-
plary embodiment of a floating offshore platform having one
or more extension plates fixedly coupled to a bottom portion
of one or more pontoons.

FIG. 4 is a schematic perspective view of another exem-
plary embodiment of a floating offshore platform having one
or more extension plates fixedly coupled to a top portion of
one or more pontoons.

FIG. 5 is a schematic perspective view of another exem-
plary embodiment of a floating offshore platform having one
or more extension plates fixedly coupled to a bottom portion
and a top portion of one or more pontoons.

FIG. 6A is a schematic perspective view of another exem-
plary embodiment of a floating offshore platform having one
or more extension plates fixedly coupled to a bottom portion
and a top portion of one or more pontoons, the extension
plates having a narrower width compared to a width of the
extension plates in FIG. 5.

FIG. 6B is a cross sectional schematic perspective view of
the embodiment of FIG. 6A.

FIG. 6C is a cross sectional schematic side view of the
embodiment of FIG. 6B.

FIG. 6D is a detail cross sectional schematic view of exten-
sion plates coupled to a pontoon with water separation and
water entrapment from FIG. 6C.

FIG. 6E is a detail cross sectional schematic view of exten-
sion plates with wings coupled to a pontoon with water sepa-
ration and water entrapment similar to the embodiment in
FIG. 6D.

FIG. 6F is a schematic top view of the embodiment of F1G.
6A.

FIG. 7 is a chart of predicted heave RAO effects on the
offshore platform embodiments illustrated in FIGS. 3-6A
based on a typical design heave period.

FIG. 8 is a chart of predicted pitch RAO effects on the
offshore platform embodiments illustrated in FIGS. 3-6A
based on a typical design heave period.

FIG. 9 is a schematic perspective view of another exem-
plary embodiment of a floating offshore platform having one
or more extension plates fixedly coupled to a bottom portion
and a top portion of at least two pontoons.

FIG. 10 is a schematic top view of another exemplary
embodiment of a floating offshore platform having one or
more extension plates fixedly coupled to one or more pon-
toons.

FIG. 11A is a schematic top view of other exemplary
embodiments of a floating offshore platform having one or
more extension plates fixedly coupled to one or more pon-
toons.

FIG. 11B is a perspective view of the embodiment of FIG.
11A.

FIG. 12 is a schematic top view of another exemplary
embodiment of a floating offshore platform having one or
more extension plates fixedly coupled to one or more pon-
toons.
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FIG. 13 is a schematic perspective view of another exem-
plary embodiment of a floating offshore platform having one
ormore extension plates coupled outwardly from one or more
pontoons.

FIG. 14A is a schematic perspective view of another exem-
plary embodiment of a floating offshore platform having one
or more extension plates fixedly coupled along one or more
portions of a pontoon.

FIG. 14B is a cross sectional schematic side view of a
pontoon in the embodiment of shown in FIG. 14A.

FIG. 15 is a cross sectional schematic side view of another
exemplary embodiment of a pontoon on the floating offshore
platform having one or more extension plates fixedly coupled
along one or more portions of the pontoon.

FIG. 16 is a cross sectional schematic side view of another
exemplary embodiment of a pontoon on the floating offshore
platform having one or more extension plates fixedly coupled
along one or more portions of the pontoon.

FIG. 17 is a cross sectional schematic side view of another
exemplary embodiment of a pontoon on the floating offshore
platform having one or more extension plates fixedly coupled
along one or more portions of the pontoon.

FIG. 18 is a cross sectional schematic side view of another
exemplary embodiment of a pontoon on the floating offshore
platform having one or more extension plates fixedly coupled
along one or more portions of the pontoon.

DETAILED DESCRIPTION

The Figures described above and the written description of
specific structures and functions below are not presented to
limit the scope of what Applicant has invented or the scope of
the appended claims. Rather, the Figures and written descrip-
tion are provided to teach any person skilled in the art how to
make and use the inventions for which patent protection is
sought. Those skilled in the art will appreciate that not all
features of a commercial embodiment of the inventions are
described or shown for the sake of clarity and understanding.
Persons of skill in this art will also appreciate that the devel-
opment of an actual commercial embodiment incorporating
aspects of the present inventions will require numerous
implementation-specific decisions to achieve the developer’s
ultimate goal for the commercial embodiment. Such imple-
mentation-specific decisions may include, and likely are not
limited to, compliance with system-related, business-related,
government-related and other constraints, which may vary by
specific implementation, location, and from time to time.
While a developer’s efforts might be complex and time-con-
suming in an absolute sense, such efforts would be, neverthe-
less, a routine undertaking for those of ordinary skill in this art
having benefit of this disclosure. It must be understood that
the inventions disclosed and taught herein are susceptible to
numerous and various modifications and alternative forms.
The use of a singular term, such as, but not limited to, “a,” is
not intended as limiting of the number of items. Also, the use
of relational terms, such as, but not limited to, “top,” “bot-
tom,” “left,” “right,” “upper,” “lower,” “down,” “up,” “side,”
and the like are used in the written description for clarity in
specific reference to the Figures and are not intended to limit
the scope of the invention or the appended claims. Where
appropriate, some elements have been labeled with an alpha-
betic character after a number to reference a specific member
of the numbered element to aid in describing the structures in
relation to the Figures, but is not limiting in the claims unless
specifically stated. When referring generally to such mem-
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bers, the number without the letter is used. Further, such
designations do not limit the number of members that can be
used for that function.

A floating offshore platform is disclosed with one or more
extension plates fixedly coupled to one or more pontoons on
the offshore platform and extending from the pontoons. As
the floating platform moves vertically, the pontoon-coupled
extension plates separate the water and cause drag on the
platform. The water moving vertically with the extension
plates also increases the dynamic mass. The drag and
dynamic mass increases the natural period of the vertical
motion away from the wave excitation period to minimize the
wave driven motion compared to a platform without the
extension plates. The extension plates can be coupled to the
pontoons during fabrication at the yard directly or through
frame members. The extension plates generally are located
inclusively between the top and bottom elevations of the
pontoons, and therefore do not reduce the clearance between
the seabed and the extension of the hull at the quayside.

FIG. 1 is a schematic perspective view of an exemplary
embodiment of a floating offshore platform having a exten-
sion plate. FIG. 2 is a schematic side view of the exemplary
floating offshore platform with the extension plate. FIG. 3 is
a schematic perspective cross sectional view of the floating
offshore platform with the extension plate disposed in an
open area between the pontoons, columns, or a combination
thereof. FIG. 4 is a schematic top cross sectional view of the
floating platform with the extension plate. FIG. 5 is a sche-
matic side cross sectional view of the floating platform with
the extension plate. The figures will be described in conjunc-
tion with each other.

An exemplary floating offshore platform 2 generally
includes a topsides 4 (also referenced a deck) that supports
equipment, facilities, and operations for the offshore plat-
form. The topsides 4 is coupled to a plurality of columns 6,
generally at least three and often four columns. The columns
6 have a column height H_ with a portion that is below a water
level 16 to establish a draft height H,,. The columns can be at
least partially buoyant and can be adjustable in their buoy-
ancy. The columns 6 can be coupled with pontoons 8, gener-
ally with two pontoons disposed at angles to each other and
coupled to the same column (and indirectly coupled to each
other). Alternatively, the pontoons can be directly coupled to
each other to form a pontoon base and the columns coupled to
the pontoon base. Generally, the pontoons 8 are designed to
be disposed in operation in a substantially horizontal plane
68. In some embodiments, the column 6 can include a column
base 12 that extends as an enlargement from one or more other
portions of the column 6. The pontoons have a height H.. The
column base 12 can have a different height than the pontoons.

The columns 6 (with the column bases 12 if present) and
pontoons 8 can be referenced herein as a hull 20. An inward
hull opening 22 is formed between the pontoons of the pon-
toon base and any inward exposed portions of the columns
coupled with the pontoons. having a surface area defined by
an interior perimeter area of the pontoons without the exten-
sion plates. The hull opening 22 is generally used to position
risers to the seafloor (not shown) and other subsurface mem-
bers.

The disclosure provides one or more extension plates 10
that are coupled the pontoons. The extension plates can be
coupled in any suitable manner as coupling is defined herein,
including for example and without limitation, welding, bolt-
ing, and other fastening, and can include the use of a frame or
other components to couple the extensions to the pontoons.
An extension plate 10 is generally a plate as the term is
normally used in the field, that is, having a large square area
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compared to a small thickness and is generally a non-buoyant
structure. The extension plate 10 of this embodiment is gen-
erally oriented horizontally and located between the top and
bottom elevations, inclusive, of the pontoons inside the hull
opening 22 ofthe hull 20. The extension plate can have other
geometric shapes as may be appropriate for the offshore
platform, including without limitation, rectangular, triangu-
lar, and square, and so forth.

In at least one embodiment, the extension plate 10 is
coupled at or above the bottom 24 of the hull 20 of the
offshore platform 2, that is, the extension plate generally can
be positioned at an elevation that is inclusively between the
top and the bottom of a pontoon. The extension plate 10 can
be installed during the fabrication process of the offshore
platform at the fabrication yard. Thus, the extension plate and
the frame do not necessarily decrease a bottom clearance
during the wet tow or quayside integration of the topside 4.

The extension plate 10 in the illustrated embodiment helps
add drag from the water volume moving across the extension
plate during vertical movement of the platform. The water
separation dissipates the energy to generate drag during the
platform movement. The drag helps reduce the induced heave
motion of the platform through the damping, such as in hur-
ricanes in the Gulf of Mexico and other harsh sea states. The
addition of the extension plate provides a better heave motion
by increasing the natural period of a heave motion larger than
a conventional deep draft semisubmersibles. In addition, the
size of the extension plate or plates help tune the phase of the
wave loads on the hull 20 to reduce the total wave loads at a
critical heave period when the wave energy is maximum. The
particular size and configurations can be modeled and/or
experimentally determined by those with ordinary skill in the
art, given the teachings and guidance provided herein. For
example, too small of an extension plate reduces the surface
area available for water separation and added mass, and can
result in reduced effectively of the extension plate.

The sheets of drawings with FIGS. 3-6 A illustrates various
other exemplary embodiments of one or more extension
plates coupled to one or more pontoons.

FIG. 3 is a schematic perspective view of another exem-
plary embodiment of a floating offshore platform having one
or more extension plates fixedly coupled to a bottom portion
of'one or more pontoons. The offshore platform 2A shown in
FIG. 3 includes the columns 6 and the pontoons 8, as has been
described above. The one or more extension plates 10 are
coupled to a bottom portion of the pontoons around an inner
periphery of the pontoons and adjoining columns. The
embodiment includes a single level of extension plates
coupled to the bottom portion of the pontoons on the inward
surfaces of the pontoons. Other embodiments described
below couple the extension plate to a top portion of the
pontoon and/or on the outward surfaces of the pontoon.

FIG. 4 is a schematic perspective view of another exem-
plary embodiment of a floating offshore platform having one
or more extension plates fixedly coupled to a top portion of
one or more pontoons. The offshore platform 2B of this
embodiment is similar to the embodiment shown in FIG. 3,
but with the one or more extension plates 10 coupled to a top
portion of the one or more pontoons 8. The terms “bottom
portion” and “top portion” are intended to be broadly con-
strued such that the bottom portion is lower than halfway of
the height H,, shown in FIG. 2, of the pontoon, and the top
portion is higher than the half height of the pontoon. The
bottom portions and top portions can include the bottom and
top surfaces of the pontoons as well.

FIG. 5 is a schematic perspective view of another exem-
plary embodiment of a floating offshore platform having one
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or more extension plates fixedly coupled to a bottom portion
and a top portion of one or more pontoons. The offshore
platform 2C of'this embodiment illustrates one or more exten-
sion plates on both the top portion 8 A and the bottom portion
8B. The use of multiple extension plates at different levels is
described in more detail below.

FIG. 6A is a schematic perspective view of another exem-
plary embodiment of a floating offshore platform having one
or more extension plates fixedly coupled to a bottom portion
and a top portion of one or more pontoons. The offshore
platform 2D of'this embodiment is similar to the embodiment
shown in FIG. 5 with the one or more extension plates 10A,
10B being a narrower width than the extension plates illus-
trated in FIG. 5. For example, the combined surface area of
the extension plates of the platform 2D from a top view could
equal about 10% of the square area of the hull opening 22
between the pontoons without the extension plates. By com-
parison, the combined surface area of the extension plates of
the platform 2C from a top view could equal about 35% of the
square area of the hull opening 22 between the pontoons
without the extension plates. Other percentages can be used
from tuning the performance of the offshore platform for the
particular environment in which the platform is designed and
the percentages are exemplary. Generally, it is believed that
most performance enhancements from the extension plates
can be commercially achieved with a square area of the exten-
sion plates as viewed from a top view between 10% and 40%
inclusively of the square area of the hull opening 22 as cal-
culated without the extension plates, and any percentage ther-
ebetween such as 15%, 20%, 25%, 30%, and 35%, and 11%,
12%, 13%, 14%, and so forth.

FIG. 6B is a cross sectional schematic perspective view of
the embodiment of FIG. 6A. FIG. 6C is a cross sectional
schematic side view of the embodiment of FIG. 6B. FIG. 6D
is a detail cross sectional schematic view of extension plates
coupled to a pontoon with water separation and water entrap-
ment from FIG. 6C. FIG. 6E is a detail cross sectional sche-
matic view of extension plates with wings coupled to a pon-
toon with water separation and water entrapment similar to
the embodiment in FIG. 6D. FIG. 6F is a schematic top view
of'the embodiment of FIG. 6A. The figures will be described
in conjunction with each other and the collective set of figures
of the embodiment of FIGS. 6A-6F can be generally refer-
enced as FIG. 6. While any of the above FIGS. 3-5 could be
explained in detail, the embodiment shown in FIGS. 6 A-6F
will be described in further detail for illustrative purposes. It
will be understood by those with ordinary skill in the art that
the principles described in the embodiment of FIGS. 6 A-6F
can be also applied to the embodiments shown in FIGS. 3
through 5.

The offshore platform 2D of FIGS. 6A-6F with a plurality
of column 6 and a plurality of pontoons 8 coupled to the
columns form an inward perimeter of the hull having a hull
opening 22. For the particular embodiment described, one or
more extension plates 10 A are fixedly coupled to a top portion
8A of one or more pontoons 8. Similarly, one or more exten-
sion plates 10B are fixedly coupled to a bottom portion 8B of
more or more pontoons 8. Inthe illustrated embodiment, all of
the pontoons 8 have each a top and bottom extension plate
10A, 10B. However, the invention is not so limited and dif-
ferent pontoons can have different extension plates and even
in some cases, no extension plates, depending on particular
design requirements for the operational environment of the
offshore platform.

An important aspect of the present invention is the ability
of the extension plates to cause water separation 38A, 38B,
shown in FIG. 6D, as the extension plates oscillate with the
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offshore platform in response to wave motion. The water
separation 38A, 38B surrounds each of the extension plates
that are, for example, horizontally disposed from the vertical
pontoon surface 8C of the pontoon 8. When a plurality of
extension plates are used at different levels, each extension
plate can cause water separation. For example, the extension
plate 10A can cause water separation 38A and the extension
plate 10B at a lower level from the extension plate 10A can
cause water separation 38B. This water separation creates a
drag on the offshore platform 2D and effectively acts as a
damping force to restrain movement that would otherwise
occur from the wave action on an offshore platform without
the extension plates.

Further, the use of extension plates at different levels, such
as above or below another extension plate, creates a water trap
zone 40 illustrated in FIG. 6D. A portion of the water in the
water trap zone 40 may not necessarily be separated as shown
in the water separation 38A, 38B. However, the water in the
water trap zone 40 is essentially restricted between the exten-
sion plates 10A, 10B and effectively adds mass to the struc-
ture of the offshore platform 2D. The water is not fixably
coupled or fixably restrained and so is considered dynamic
mass. Thus, as illustrated in FIG. 6D, the two principals of the
effectiveness of the extension plates is: first, water separation
around the edge of the extension plate, and secondly, when
extension plates are positioned at different levels, the
dynamic entrapment of water adds mass to the overall struc-
ture. The first mode creates drag, and the second mode creates
mass.

As shown in FIG. 6E, the extension plates can include
wings that are disposed at an angle to the extension plates. For
example, the extension plates 10B could have a wing 64
formed in the shape of an “L” with the extension plate. Alter-
natively and with limitation, the extension plate 10A could
have a wing 66 formed in the shape of a “T”” with the extension
plate. Various combinations of a wing or wings are envi-
sioned, such as without limitation, one wing on either of the
extension plates and the other extension plate, if present,
having no wing; each extension plate having a “T”” wing; each
extension plate having an “L” wing; the extension plate 10A
having an “I” wing and the extension plate 10B having a “T”
wing, and other variations and combinations. The wings
assist in entrapping the water on the extension plates as the
extension plates move in the water. The wings 64, 66 help add
drag and water mass to the extension plates 10A, 10B. The
wings can be of different lengths as in FIG. 6E, and different
lengths along the length of the extension plates, such as
shown in FIGS. 6F, 11A, 11B.

The size of the one or more extension plates can determine
the effectiveness of the water separation and the dynamic
mass. For illustrative purposes, the ratio of the square area of
the one or more extension plates when viewed from a top view
compared to a square area of the hull opening 22 without the
extension plates can be used. When multiple levels of exten-
sion plates are used, only one level of extension plates for
example from a top view can be used for calculating the ratio
of the surface area of the extension plates to the hull opening
area. In the embodiment shown in FIG. 6F, the square area of
each of the extension plates would be their respective length
L xwidth W, for the extension plates around the perimeter of
the pontoons from the top view. In the exemplary embodi-
ment of the offshore platform 2D, the number of extension
plates are four (4) for calculating the surface area, and would
exclude any extension plates below the illustrated extension
plates in the top view. The square area inside the hull of the
hull opening 22 is equal to the L.;xW ; as measured between
the pontoons without the extension plates. The ratio of the
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extension plate area to the hull opening area can vary between
10% to 40%, as described above and any percentage therebe-
tween. Further, if the offshore platform has fewer or more
columns than the illustrated four columns in FIGS. 6 A-6F, the
shape of the hull opening 22 could vary and the square area
inside the hull between the pontoons would be calculated as
applicable to the particular structure.

FIG. 7 is a chart of predicted heave RAO effects on the
offshore platform embodiments illustrated in FIGS. 3-6 A that
is stabilized by the extension plate based on a typical design
heave period. The X-axis is the time in seconds of a heave
period and the natural period of the offshore platform 2 with-
out the extension plate 10 and with the extension plate. The
Y-axis represents the response amplitude operator (RAO), a
known term of art in vessel design for responding to the
movement of a vessel in proportion to a wave height. For the
illustrative purposes of the predictive model performance
shown in FIGS. 7 and 8, the square area of the extension plates
for the exemplary platforms when viewed from the top was
37% of'the hull opening 22, with the exception of the platform
shown FIG. 6A in which the extension plate surface area was
10% of the hull opening 22. Effectively, the extension plate
lengthens the offshore platform period and the resonance of
such period, so that the offshore platform is more stabilized
and its movement is dampened at the design period. Thus, the
offshore platform movement does not move in direct corre-
lation to the wave passing by the offshore platform.

The curve 46 with diamonds illustrates a relatively low
heave RAO for the offshore platform 2D illustrated in FIG.
6A compared to a typical values for a similar platform with-
out the extension plates. The offshore platform 2D includes a
double level of extension plates, that is, extension plates 10A
attached to a top portion of the pontoons and extension plates
10B attached to the bottom portion of the pontoons. The
surface area of the extension plates in the exemplary model
that generated the curve is 10% of the surface area of the hull
opening 22 without the extension plates when viewed from
the top view.

The curve 48 with circles illustrates the heave RAO for the
offshore platform 2C illustrated in FIG. 5. The embodiment
of'the offshore platform 2C is similar to the offshore platform
2D illustrated in FIG. 6 A with two levels of extension plates
onthe top and bottom portions of the pontoons, but with wider
extension plates extending inwardly from the pontoons. The
curve 48 was generated based on the extension plates having
a square area of 37% of the hull opening square area. The
curve 48 illustrates that the increased square area of the exten-
sion plates shifts the heave RAO to a greater heave period and
reduces the heave modal response to waves. However, the
environment increases the wave response over the frequency
range from 10 to 22 seconds. The heave period changes from
21 to 24.

The curve 50 with stars illustrates the heave RAO for the
offshore platform 2B illustrated in FIG. 4. The offshore plat-
form 2B has a single level of extension plates located toward
the top portion of the pontoons. The surface area of the exten-
sion plates for this exemplary model is 37% of the square area
of'the hull opening 22. The curve 50 illustrates that the heave
RAO is shifted to the right compared to the embodiment
illustrated in FIG. 6A to a greater heave period and reduces
the heave modal response to waves. However, the environ-
ment increases the wave response over the frequency range
from 10 to 22 seconds. The heave period changes from 21 to
22.

The curve 52 with squares illustrates the heave RAO forthe
offshore platform 2A illustrated in FIG. 3. The offshore plat-
form 2A has the single layer of extension plates coupled to a
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bottom portion of the pontoons. In the exemplary model, the
square area of the extension plates was 37% compared to the
square area of the hull opening 22. The curve 52 illustrates
that the heave RAQ is shifted to the right from the curve 50 to
a greater heave period and reduces the heave modal response
to waves. However, the environment increases the wave
response over the frequency range from 10 to 22 seconds. The
heave period changes from 21 to 22.

FIG. 8 is a chart of predicted pitch RAO effects on the
offshore platform embodiments illustrated in FIGS. 3-6A
based on a typical design heave period. The pitch differs from
the heave in that the pitch is the angular movement away from
avertical line of the offshore platform in response to the wave
action, compared to the heave which is measure of the vertical
motion along the vertical axis of the offshore platform in
response to wave action. The curve 56 with diamonds illus-
trates a relatively low pitch RAO for the offshore platform 2D
illustrated in FIG. 6 A compared to a typical offshore platform
without the extension plates. The curve 58 with circles illus-
trates the pitch RAO for the offshore platform 2C illustrated
in FIG. 5. The curve 60 with stars illustrates the pitch RAO for
the offshore platform 2B illustrated in FIG. 4. The curve 62
with squares illustrates the pitch RAO for the offshore plat-
form 2A illustrated in FIG. 3.

The pitch RAO consistently peaked for all curves at a
period of around 15 seconds. However, the lowest pitch RAO
was in curve 56 for the embodiment of the offshore platform
2D in FIG. 6A. The highest pitch RAO was in curve 62 for the
embodiment of the offshore platform 2A in FIG. 3. The
remaining embodiments had curves for the pitch RAO values
that occurred between the curves 64 and 62.

FIG. 9 is a schematic perspective view of another exem-
plary embodiment of a floating offshore platform having one
or more extension plates fixedly coupled to a bottom portion
and a top portion of at least two pontoons. An offshore plat-
form 2E has an alternative arrangement of extension plates
10A, 10B. The extension plates 10A, 10B can be coupledto a
plurality of pontoons, such as in the corner, so that two pon-
toons could be coupled to the same extension plate. Two
levels of extension plates 10A and 10B are illustrated. Exten-
sion plate 10B is lower than extension plate 10A and is
coupled to a bottom portion of the pontoons 8. Extension
plate 10A is coupled to a top portion of the pontoons 8. Other
embodiments would include a single level of extension plates
and various combinations of extension plates with the exten-
sion plates shown or described in other embodiments herein.
Further, the square area of the extension plates could be
calculated based on the geometrical shape of the extension
plates from a top view.

FIG. 10 is a schematic top view of another exemplary
embodiment of a floating offshore platform having one or
more extension plates fixedly coupled to one or more pon-
toons. An offshore platform 2 has an alternative arrangement
of extension plates 10A, 10B. The extension plates 10A, 10B
can be coupled to a plurality of pontoons and columns 6, such
as at the column bases 12 of the columns. Further, the exten-
sion plates 10A, 10B can be coupled between a pontoon and
the column on both sides of the column as shown. Alterna-
tively, the extension plates can be coupled only on one side of
the column. Two levels of extension plates 10A and 10B are
illustrated. Extension plate 10B is lower than extension plate
10A and is coupled to a bottom portion of the pontoons 8.
Extension plate 10A is coupled to a top portion of the pon-
toons 8. Other embodiments could include a single level of
extension plates and various combinations of extension plates
with the extension plates shown or described in other embodi-
ments herein. Further, the square area of the extension plates
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could be calculated based on the geometrical shape of the
extension plates from a top view as discussed or shown in
other Figures herein.

FIG. 11A is a schematic top view of other exemplary
embodiments of a floating offshore platform having one or
more extension plates fixedly coupled to one or more pon-
toons. FIG. 11B is a perspective view of the embodiment of
FIG. 11A. The figures will be described in conjunction with
each other. An offshore platform 2 has various alternative
embodiments of extension plates illustrated for the various
columns 6 that can be used on multiple columns or all col-
umns of the offshore platform, or in combination with each
other around the various columns, or in combination with
other embodiments described or shown in other Figures
herein.

In one embodiment shown around column 6A, a pontoon
8a includes a pontoon extension 14A. The pontoon extension
14A can be a direct extension from the pontoon 8 A with the
column 6 A coupled to the pontoon and/or pontoon extension,
or the pontoon extension 14A can be coupled as an indirect
extension from the pontoon 8 A with the column 6A separat-
ing the pontoon 8A and the pontoon extension 14A. A similar
arrangement can be formed by the pontoon extension 14B
relative to the pontoon 8B. The pontoons 8A and 8B are
disposed at a non-zero angle to each other. An extension plate
10S can be coupled to a pontoon 8B and the pontoon exten-
sion 14 A disposed at an angle to the pontoon 8B. An exten-
sion plate 10T can be coupled between the pontoon exten-
sions 14A and 14B (and indirectly coupled to the pontoons).
An extension plate 10U can be coupled to a pontoon 8A and
the pontoon extension 14B. As described in other embodi-
ments, multiple layers of plates at different elevations can be
coupled in like fashion.

As another embodiment shown around column 6B, an
extension plate 10V can be coupled around the column 6B
and be coupled to the pontoons 8A and 8C. The size of the
extension plate (and other extension plates in the various
embodiments herein) may advantageously benefit from a
plate support 76 to stiffen the extension plate. Other embodi-
ments may not use a plate support. If two extension plates are
used at different elevations, the plate support 76 can be
coupled between the extension plates.

FIG. 12 is a schematic top view of another exemplary
embodiment of a floating offshore platform having one or
more extension plates fixedly coupled to one or more pon-
toons. FIG. 12 is similar in some respects to the embodiment
shown in FIG. 10 without the column base 12. An extension
plate 10Y can be coupled to a column 6 and a pontoon 8B. An
extension plate 10Z can be coupled to the column 6 and a
pontoon 8D. As described in other embodiments, multiple
layers of plates at different elevations can be coupled in like
fashion. Other embodiments could include a single level of
extension plates and various combinations of extension plates
shown or described or shown in other Figures herein. Further,
the square area of the extension plates could be calculated
based on the geometrical shape of the extension plates from a
top view.

FIG. 13 is a schematic perspective view of another exem-
plary embodiment of a floating offshore platform having one
ormore extension plates coupled outwardly from one or more
pontoons. The offshore platform 2F shows one or more exten-
sion plates 10H, 10J coupled to one of more of the pontoons
8 outwardly from the pontoons. The extension plates can have
similar surface areas as has been described above relative to
the square area of the hull opening 22. The extension plates
could be coupled to a top portion, bottom portion, or both.
Further, some extension plates can be located inwardly on
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some of the pontoons, while other extension plates could be
located outwardly on some of the pontoons. The term
“inwardly” is toward a center of the hull relative to the pon-
toon of the respective extension plate, and “outwardly” is
away from the center of the hull relative to the pontoon of the
respective extension plate. The different combinations can be
modelled to determine an appropriate placement for given
conditions in which the offshore platform may be used.

FIG. 14A is a schematic perspective view of another exem-
plary embodiment of a floating offshore platform having one
or more extension plates fixedly coupled along one or more
portions of a pontoon. FIG. 14B is a cross sectional schematic
side view of a pontoon in the embodiment of shown in FIG.
14A. The figures will be described in conjunction with each
other. The offshore platform 2E includes various extension
places positioned around one of more of the pontoons in
non-contiguous segments along the pontoons. Some exten-
sion plates can be coupled to the bottom portion of the pon-
toons, such as extension plate 10G. Other extension plates,
such as extension plates 10F, 10D, can be coupled to the top
portion of the pontoons. Some extension plates can be
coupled outwardly of the pontoons, such as extension plates
10E, 10F, and other extension plates can be coupled inwardly
of'the pontoons, such as extension plate 10D. Some extension
plates can have a corresponding double level of extension
plates, such as extension plate 10F, 10G, and other extension
plates can be a single level, such as extension plate 10D with
no corresponding extension plate below or above such exten-
sion plate.

Further, some pontoons can be asymmetric to other pon-
toons of the hull, as illustrated in FIG. 14B. A pontoon might
have a double level of extension plates on one side and a
single level of extension plates on the other side, but another
pontoon might have double levels of extension plates on both
sides or single level of extension plates on both sides. The
total surface area of the extension plates illustrated in FIG.
14A when viewed from a top view can be within the range
discussed above as a ration of the square area of the hull
opening 22.

FIG. 15 is a cross sectional schematic side view of another
exemplary embodiment of a pontoon on the floating offshore
platform having one or more extension plates fixedly coupled
along one or more portions of the pontoon. The pontoon 8
includes one or more extension plates 10 disposed at an
orthogonal angle to a horizontal plane 68 or a vertical plane
70. In the exemplary embodiment shown, the horizontal
extension plates 10A, 10B, 10F, 10G extend parallel to the
horizontal plane 68 and perpendicular to the vertical plane 70.
The vertical extension plates 10N, 10P, 10Q, 10R extend
perpendicular to the horizontal plane 68 and parallel to the
vertical plane 70. The extension plates can be used in combi-
nation with the other embodiments such as only horizontal
plates, only vertical plates, angled plates, with wings, and
other variations described herein, or a combination thereof.
The extension plates form a width perpendicular to the hori-
zontal plane 68 or vertical plane 70, depending on the orien-
tation of the particular extension plates. The horizontal exten-
sion plates 10A and 10B form horizontal widths 74A and
74B, respectively, that are parallel to the horizontal plane 68.
Similarly, the horizontal extension plates 10F and 10G form
horizontal widths 74F and 74G, respectively, that are parallel
to the horizontal plan 68. The vertical extension plates 10P
and 10Q form vertical widths 72P and 72Q), respectively, that
are parallel to the vertical plane 70. Similarly, the vertical
extension plates 10R and 10N form vertical widths 72R and
72N, respectively, that are parallel to the vertical plane 70.
The widths multiplied by the length of the respective plate
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yields the square area for the respective plate when viewed
from orthogonal planes such as the horizontal plane 68 and
vertical plane 70. Similar to the dimensions described above,
the horizontal extension plates can have a surface area that is
10% to 40%, inclusively, and any percentage therebetween,
of the square area of a hull opening described above. For
multiple levels of horizontal extension plates, the square area
of the extension plates when viewed from a top view can be
considered, so that one level of the extension plates is calcu-
lated for the square area. The vertical extension plates can
also have a surface area that is 10% to 40%, inclusively, and
any percentage therebetween as described above, of the
square area of a hull opening. For multiple levels of vertical
extension plates, the square area of the vertical extension
plates when viewed from an outside position toward the pon-
toon 8 can be considered, so that one level of the extension
plates is calculated for the square area. For example, in cal-
culating the square area along the top surface of the pontoon
8in FIG. 15, the square area of the extension plate 10N could
be considered for the range of 10% to 40%, exclusive of the
square area of the extension plate 10P, when viewed from an
outside position toward the pontoon.

As explained above in the discussion regarding FIG. 6D,
the extension plates create water separation over the plates as
the structure moves and therefore drag on the movement.
Further, when plates are on the same side of the pontoon, the
zone between the plates creates a water trap zone and effec-
tively adds dynamic mass to the structure of the offshore
platform 2. In this embodiment, an analysis of the horizontal
extension plates 10A and 10B show that the combination of
the horizontal widths 74 A and 74B, respectively, creates drag
in the vertical plane 70 and therefore resists vertical move-
ment of the offshore platform 2. Also, the combination of the
horizontal widths 74A and 74B of the extension plates 10A
and 10B, respectively, creates a vertical water trap zone 40,
that creates vertical dynamic mass on the structure and there-
fore resists vertical movement and the added mass also
increases the heave modal period and thus reduces the wave
excitation response of the offshore platform. The extension
plates 10F and 10G can cause similar results.

An analysis of the vertical extension plates 10N and 10P
show that the combination of the vertical widths 72N and 72P,
respectively, creates drag in the horizontal plane 68 and there-
fore resists horizontal movement of the oftshore platform 2.
Also, the combination of the horizontal widths 72N and 72P
of the extension plates 10N and 10P, respectively, creates a
horizontal water trap zone 40, that creates horizontal
dynamic mass on the structure and therefore resists horizontal
movement of the offshore platform. The extension plates 10Q
and 10R can cause similar results. The vertical extension
plates can be smaller in width than the horizontal extension
plates.

FIG. 16 is a cross sectional schematic side view of another
exemplary embodiment of a pontoon on the floating offshore
platform having one or more extension plates fixedly coupled
along one or more portions of the pontoon. FIG. 16 can be
described in a similar manner as in FIG. 15 with the primary
difference of at least one of the sides having a single extension
plate. For example, the extension plate 10A could be disposed
on a side surface of the pontoon 8, the extension plate 10N
could be disposed on a top surface of the pontoon 8, with
extension plates 10F and 10R being similarly disposed on
their respective pontoon surface. Thus, on the surfaces having
a single extension plate, the extension plate would cause drag
in the orthogonal direction to the width of the extension plate,
but not necessarily cause a water trap zone without an adja-
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cent extension plate on the surface. However, a single plate
will contribute to the dynamic added mass.

FIG. 17 is a cross sectional schematic side view of another
exemplary embodiment of a pontoon on the floating offshore
platform having one or more extension plates fixedly coupled
along one or more portions of the pontoon. FIG. 17 can be
described in a similar manner as in FIG. 15 with the primary
difference of at least one of the sides having a single extension
plate, as in FIG. 16. For example, the extension plate 10B
could be disposed on a side surface of the pontoon 8, the
extension plate 10P could be disposed on a top surface of the
pontoon 8, with extension plates 10F and 10R being similarly
disposed on their respective pontoon surface. Thus, on the
surfaces having a single extension plate, the extension plate
would cause drag in the orthogonal direction to the width of
the extension plate, but not necessarily cause a water trap
zone without an adjacent extension plate on the surface. How-
ever, a single plate will contribute to the dynamic added mass.

FIG. 18 is a cross sectional schematic side view of another
exemplary embodiment of a pontoon on the floating offshore
platform having one or more extension plates fixedly coupled
along one or more portions of the pontoon. The pontoon 8
includes one or more extension plates 10 disposed at an angle
to a horizontal plane 68, or a vertical plane 70, or both planes.
In the exemplary embodiment shown, the extension plates
10K, 10L, 10M, 10N extend at an angle to both planes about
the pontoon. The angled extension plates can be used in
combination with the other embodiments described herein,
such as in combination with embodiments having horizontal
extension plates, vertical extension plates, or a combination
thereof. Further, the angled extension plates can be disposed
at any originated and direction, and can be symmetric or
asymmetric relative to other extension plates. The angled
extension plates form an effective width perpendicular to the
horizontal plane 68 and vertical plane 70. For example, the
extension plate 10K forms a vertical effective width 72K
perpendicular to the horizontal plane 68 and a horizontal
effective width 74K perpendicular to the vertical plane 70.
Likewise, the extension plate 10L. forms a horizontal effective
width 741 perpendicular to the vertical plane 70 and a vertical
effective width 721 perpendicular to the horizontal plane 68.
The extension plate 10M forms a horizontal effective width
74M perpendicular to the vertical plane 70 and a vertical
effective width 72M perpendicular to the horizontal plane 68.
The extension plate 10N forms a vertical effective width 72N
perpendicular to the horizontal plane 68 and a horizontal
effective width 74K perpendicular to the vertical plane 70.
The effective widths multiplied by the length of the respective
plate yields the effective square area for the respective plate
when viewed from an orthogonal planes such as the horizon-
tal plane 68 and vertical plane 70. The effective widths can be
used to calculate the surface area of the plates in the range of
10% to 40% and any percentage therebetween when viewed
parallel along the horizontal plane from outside the pontoon 8
and when viewed parallel along the vertical plane from a top
view, similar to the calculations described in reference to FIG.
15.

As explained above in the discussion regarding FIG. 6D,
the extension plates create water separation over the plates as
the structure moves and therefore drag on the movement.
Further, when plates are on the same side of the pontoon, the
zone between the plates creates a water trap zone and effec-
tively adds dynamic mass to the structure of the offshore
platform 2. In this embodiment, an analysis of the extension
plates 10K and 10N show that the combination of the vertical
effective widths 72K and 72N ofthe extension plates 10K and
10N, respectively, creates drag in the horizontal plane 68 and
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therefore resists horizontal movement of the offshore plat-
form 2. The combination of the horizontal effective widths
74K and 74N of the extension plates 10K and 10N, respec-
tively, creates drag in the vertical plane 70 and therefore
resists vertical movement of the offshore platform 2. Also, the
combination of the horizontal effective widths 74K and 74N
of the extension plates 10K and 10N, respectively, creates a
vertical water trap zone 40, that creates vertical dynamic
mass on the structure and therefore resists vertical movement
of the offshore platform. The extension plates 10L. and 10M
can cause similar results.

Similarly, an analysis of the extension plates 10K and 10L
show that the combination of the horizontal effective widths
74K and 74L of the extension plates 10K and 10L, respec-
tively, creates drag in the vertical plane 70 and therefore
resists vertical movement of the offshore platform 2. The
combination of the vertical effective widths 72K and 72L of
the extension plates 10K and 10L, respectively, creates drag
in the horizontal plane 68 and therefore resists vertical move-
ment of the offshore platform 2. Also, the combination of the
vertical effective widths 72K and 721 of the extension plates
10K and 101, respectively, creates a horizontal water trap
zone 40, that creates horizontal dynamic mass on the struc-
ture and therefore resists horizontal movement of the offshore
platform. The extension plates 10N and 10M can cause simi-
lar results.

Other and further embodiments utilizing one or more
aspects of the inventions described above can be devised
without departing from the spirit of Applicant’s invention.
For example, it is possible to have different supporting struc-
tures and frames for the extension, the extension can be
divided into portions that may or may not be contiguous, the
extension can be located at different elevations below the
water surface when in use, the gap spacing can be different
proportions and distances, the floating offshore platform
design can vary, the number of columns and pontoons and
their shape and size can vary, and other variations in keeping
with the scope of using one or more extension plates to
stabilize the floating offshore platform.

Further, the various methods and embodiments described
herein can be included in combination with each other to
produce variations of the disclosed methods and embodi-
ments. Discussion of singular elements can include plural
elements and vice-versa. References to at least one item fol-
lowed by a reference to the item may include one or more
items. Also, various aspects of the embodiments could be
used in conjunction with each other to accomplish the under-
stood goals of the disclosure. Unless the context requires
otherwise, the word “comprise” or variations such as “com-
prises” or “comprising,” should be understood to imply the
inclusion of at least the stated element or step or group of
elements or steps or equivalents thereof, and not the exclusion
of'a greater numerical quantity or any other element or step or
group of elements or steps or equivalents thereof. The device
or system may be used in a number of directions and orien-
tations. The term “coupled,” “coupling,” “coupler,” and like
terms are used broadly herein and may include any method or
device for securing, binding, bonding, fastening, attaching,
joining, inserting therein, forming thereon or therein, com-
municating, or otherwise associating, for example, mechani-
cally, magnetically, electrically, chemically, operably,
directly or indirectly with intermediate elements, one or more
pieces of members together and may further include without
limitation integrally forming one functional member with
another in a unitary fashion. The coupling may occur in any
direction, including rotationally.
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The order of steps can occur in a variety of sequences
unless otherwise specifically limited. The various steps
described herein can be combined with other steps, interlin-
eated with the stated steps, and/or split into multiple steps.
Similarly, elements have been described functionally and can
be embodied as separate components or can be combined into
components having multiple functions.

The invention has been described in the context of various
exemplary embodiments. Apparent modifications and alter-
ations to the described embodiments are available to those of
ordinary skill in the art given the disclosure contained herein.
The scope of the invention herein or equivalents thereof is
only limited by the scope of the claims in conformity with the
patent laws.

What is claimed is:
1. A floating offshore platform, comprising:
a floating hull comprising:
at least three vertically extending columns; and
at least one pontoon coupled to at least one of the verti-
cally extending columns, wherein the at least one
pontoon is configured to be disposed at least partially
below a surface of water in which the offshore plat-
form is disposed;
atopsides coupled to at least one of the columns and spaced
vertically above the at least one pontoon; and
at least two rigid extension plates each extending substan-
tially horizontally from the at least one pontoon, one of
the extension plates being disposed above the other of
the extension plates, each extension plate being at an
elevation that is below a surface of water in which the
offshore platform is disposed during operation, forming
an underwater water trap between the extension plates,
wherein each extension plate has a first side fixedly
coupled to the pontoon and at least one free peripheral
side, the free peripheral sides of the adjacent extension
plates defining a lateral opening for passage of water
from outside the underwater water trap, wherein the
extension plates are configured to reduce heave motion
on the platform by at least causing horizontal water
separation, vertical water separation, or a combination
thereof around the pontoon-coupled extension plates as
the platform moves in water and wherein the at least two
extension plates are non-movable relative to the pon-
toon.
2. The offshore platform of claim 1, wherein the extension
plates are configured to increase a heave period response of
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the offshore platform to a sea wave having a heave period
compared to a heave period response of an offshore platform
without the extension plates.

3. The offshore platform of claim 1, wherein the extension
plates are coupled inclusively between the bottom of the
pontoon and the top of the pontoon.

4. The offshore platform of claim 1, wherein the extension
plates comprise at least one extension plate coupled to a
bottom portion of the pontoon.

5. The offshore platform of claim 4, wherein the extension
plates are coupled outwardly from the pontoon, inwardly
from the pontoon, or a combination thereof.

6. The offshore platform of claim 1, wherein the extension
plates comprise at least one extension plate coupled to a top
portion of the pontoon.

7. The offshore platform of claim 6, wherein the extension
plates are coupled outwardly from the pontoon, inwardly
from the pontoon, or a combination thereof.

8. The offshore platform of claim 1, further comprising the
at least two extension plates are coupled to a bottom portion
and a top portion of the pontoon.

9. The offshore platform of claim 8, wherein the extension
plates are coupled outwardly from the pontoon, inwardly
from the pontoon, or a combination thereof.

10. The offshore platform of claim 1, wherein the extension
plates comprise at least one extension plate coupled between
at least two of the pontoons.

11. The offshore platform of claim 1, wherein the at least
two extension plates comprise at least one extension plate
having a surface area extending from the pontoons of at least
10% of a surface area defined by an interior perimeter of the
pontoons without the extension plate.

12. The offshore platform of claim 1, wherein the at least
one pontoon comprises a first pontoon coupled to the column
and a second pontoon coupled to the column, and the at least
two extension plates are coupled outwardly from the first
pontoon, around the column, and to the second pontoon.

13. The offshore platform of claim 1, wherein the column
is larger than the pontoon, and the at least two extension plates
are coupled outwardly between the pontoon and the column.

14. The offshore platform of claim 1, wherein the at least
one pontoon comprises a first pontoon and a second pontoon,
the first pontoon comprising a pontoon extension and the
second pontoon being coupled to the first pontoon at a non-
zero angle, and wherein the at least two extension plates are
coupled between the pontoon extension of the first pontoon
and the second pontoon.
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